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(54) Method and system for accessing subterranean deposits from the surface 



(57) Improved method and system for accessing 
subterranean deposits from the surface that substantial- 
ly eliminates or reduces the disadvantages and prob- 
lems associated with previous systems and methods. In 
particular, the present invention provides an articulated 
well with a drainage pattern that intersects a horizontal 



cavity well. The drainage patterns provide access to a 
large subterranean area from the surface while the ver- 
tical cavity well allows entrained water, hydrocarbons, 
and other deposits to be efficiently removed and/or pro- 
duced. 

To be accompanied, when published, by Figure 1 
of the drawings. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to the 
recovery of subterranean deposits, and more particular- 
ly to a method and system for accessing subterranean 
deposits from the surface. 

BACKGROUND OF THE INVENTION 

[0002] Subterranean deposits of coat contain sub- 
stantial quantities of entrained methane gas limited in 
production in use of methane gas from coal deposits has 
occurred for many years. Substantial obstacles, howev- 
er, have frustrated more extensive development and 
use of methane gas deposits In coal seams. The fore- 
most problem in producing methane gas from coal 
seams is that while coal seams may extend over large 
areas of up to several thousand acres, the coal seams 
are fairly shallow in depth, varying from a few inches to 
several meters. Thus, while the coal seams are often 
relatively near the surface, vertical wells drilled into the 
coal deposits for obtaining methane gas can only drain 
a fairly small radius around the coal deposits. Further, 
coal deposits are not amendable to pressure fracturing 
and other methods often used for increasing methane 
gas production from rock formations. As a result, once 
the gas easily drained from a vertical well bore in a coal 
seam is produced, further production is limited in vol- 
ume. Additionally, coal seams are often associated with 
subterranean water, which must be drained from the 
coal seam in order to produce the methane. 
[0003] Horizontal drilling patterns have been tried in 
order to extend the amount of coal seams exposed to a 
drill bore for gas extraction. Such horizontal drilling tech- 
niques, however, require the use of a radiused well bore 
which presents difficulties in removing the entrained wa- 
ter from the coal seam. The most efficient method for 
pumping water from a subterranean well, a sucker rod 
pump, does not work well in horizontal or radiused 
bores. 

[0004] A further problem for surface production of gas 
from coal seams is the difficulty presented by under bal- 
anced drilling conditions caused by the porousness of 
the coal seam. During both vertical and horizontal sur- 
face drilling operations, drilling fluid is used to remove 
cuttings from the well bore to the surface. The drilling 
fluid exerts a hydrostatic pressure on the formation 
which, if it exceeds the hydrostatic pressure of the for- 
mation, can result in a loss of drilling fluid into the for- 
mation. This results in entralnment of drilling finds in the 
formation, which tends to plug the pores, cracks, and 
fractures that are needed to produce the gas. 
[0005] As a result of these difficulties in surface pro- 
duction of methane gas from coal deposits, the methane 
gas which must be removed from a coal seam prior to 
mining, has been removed from coal seams through the 



use of subterranean methods. While the use of subter- 
ranean methods allows water to be easily removed from 
a coal seam and eliminates under balanced drilling con- 
ditions .they can only access a limited amount of the coal 
s seams exposed by current mining operations. Where 
longwall mining is practiced, for example, underground 
drilling rigs are used to drill horizontal holes from a panel 
currently being mined into an adjacent panel that will lat- 
er be mined. The limitations of underground rigs limits 
10 the reach of such horizontal holes and thus the area that 
can be effectively drained. In addition, the degasif ication 
of a next panel during mining of a current panel limits 
the time for degasification. As a result, many horizontal 
bores must be drilled to remove the gas in a limited pe- 
ts riod of time. Furthermore, in conditions of high gas con- 
tent or migration of gas through a coal seam, mining may 
need to be halted or delayed until a next panel can be 
adequately degaslfied. These production delays add to 
the expense associated with degasifying a coal seam. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides an improved 
method and system for accessing subterranean depos- 
its from the surface that substantially eliminates or re- 
duces the disadvantages and problems associated with 
previous systems and methods. In particular, the 
present invention provides an articulated well with a 
drainage pattern that intersects a horizontal cavity well. 
The drainage patterns provide access to a large subter- 
ranean area from the surface while the vertical cavity 
well allows entrained water, hydrocarbons', and other 
deposits to be efficiently removed and/or produced. 
[0007] In accordance with one embodiment of the 
present invention, a method for accessing a subterra- 
nean zone from the surface includes drilling a substan- 
tially vertical well bore from the surface to the subterra- 
nean zone. An articulated well bore is drilled from the 
surface to the subterranean zone. The articulated well 
bore is horizontally offset from the substantially vertical 
well bore at the surface and intersects the substantially 
vertical well bore at a junction proximate to the subter- 
ranean zone. A substantially horizontal drainage pattern 
is drilled through the articulated well bore from the junc- 
tion into the subterranean zone. 
[0008] In accordance with another aspect of the 
present invention, the substantially horizontal drainage 
pattern may comprise a pinnate pattern including a sub- 
stantially horizontal diagonal well bore extending from 
the substantially vertical well bore that defines a first end 
of an area covered by the drainage pattern to a distant 
end of the area. A first of substantially horizontal lateral 
well bores extend in space relation to each other from 
the diagonal well bore to the periphery of the area on a 
first side of the diagonal well bore. A second set of sub- 
stantially horizontal lateral well bores extend In space 
relation to each other from the diagonal well bore to the 
periphery of the area on a second, opposite side of the 
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diagonal. 

[0009] In accordance with still another aspect of the 
present invention, a method for preparing a subterrane- 
an zone for mining uses the substantially vertical and 
articulated well bores and the drainage pattern. Water 5 
is drained from the subterranean zone through the 
drainage pattern to the junction of the substantially ver- 
tical well bore. Water is pumped from the junction to the 
surface through the substantially vertical well bore. Gas 
is produced from the subterranean zone through at least io 
one of the substantially vertical and articulated well 
bores. After degas if ication has been completed, the 
subterranean zone may be further prepared by pumping 
water and other additives into the zone through the 
drainage pattern. 15 
[001 0] In accordance with yet another aspect of the 
present invention , a pump positioning device is provided 
to accurately position a downhole pump in a cavity of a 
well bore. 

[001 1] Technical advantages of the present invention 20 
include providing an improved method and system for 
accessing subterranean deposits from the surface. In 
particular, a horizontal drainage pattern is drilled in a tar- 
get zone from an articulated surface well to provide ac- 
cess to the zone from the surface. The drainage pattern 25 
intersected by a vertical cavity well from which entrained 
water, hydrocarbons, and other fluids drained from the 
zone can be efficiently removed and/or produced by a 
rod pumping unit. As a result, gas, oil, and other fluids 
can be efficiently produced at the surface from a low 30 
pressure or low porosity formation. 
[001 2] Another technical advantage of the present in- 
vention includes providing an improved method and 
system for drilling into low-pressure reservoirs. In par- 
ticular, a downhole pump or gas lift is used to lighten 35 
hydrostatic pressure exerted by drilling fluids used to re- 
move cuttings during drilling operations. As a result, res- 
ervoirs may be drilled at ultra-low pressures without loss 
of drilling fluids into the formation and plugging of the 
formation. 40 
[001 3J Yet another technical advantage of the present 
invention includes providing an improved horizontal 
drainage pattern for accessing a subterranean zone. In 
particular, a pinnate structure with a main diagonal and 
opposed laterals is used to maximize access to a sub- 
terranean zone from a single vertical well bore. Length 
of the laterals is maximized proximate to the vertical well 
bore and decreased toward the end of the main diagonal 
to provide uniform access to a quadrilateral or other grid 
area. This allows the drainage pattern to be aligned with so 
longwall panels and other subsurface structures for de- 
gasification of a mine coal seam or other deposit. 
[0014] Still another technical advantage of the 
present invention includes providing an improved meth- 
od and system for preparing a coal seam or other sub- 55 
terranean deposit for mining. In particular, surface wells 
are used to degasify a coal seam ahead of mining op- 
erations. This reduces underground equipment and ac- 



tivities and increases the time provided to degasify the 
seam which minimizes shutdowns due to high gas con- 
tent. In addition, water and additives may be pumped 
into the degasified coal seam prior to mining operations 
to minimize dust and other hazardous conditions, to im- 
prove efficiency of the mining process, and to improve 
the quality of the coal product. 
[0015] Still another technical advantage of the 
present invention includes providing an improved meth- 
od and system for producing methane gas from a mined 
coal seam. In particular, well bores used to initially de- 
gasify a coal seam prior to mining operations may be 
reused to collect gob gas from the seam after mining 
operation. As a result, costs associated with the collec- 
tion of gob gas are minimized to facilitate or make fea- 
sible the collection of gob gas from previously mined 
seams. 

[0016] Still another technical advantage of the 
present invention includes providing a positioning de- 
vice for automatically positioning down-hole pumps and 
other equipment in a cavity. In particular, a rotatable cav- 
ity positioning device is configured to retract for trans- 
port in a well bore and to extend within a down-hole cav- 
ity to optimally position the equipment within the cavity. 
This allows down-hole equipment to be easily posi- 
tioned and secured within the cavity. 
[0017] Other technical advantages of the present in- 
vention will be readily apparent to one skilled in the art 
from the following figures, description, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] For a more complete understanding of the 
present invention and its advantages, reference is now 
made to the following description taken in conjunction 
with the accompanying drawings, wherein like numerals 
represent like parts, in which: 

FIGURE 1 is a cross-sectional diagram illustrating 
formation of a horizontal drainage pattern in a sub- 
terranean zone through an articulated surface well 
intersecting a vertical cavity well in accordance with 
one embodiment of the present invention; 
FIGURE 2 is a cross-sectional diagram illustrating 
formation of the horizontal drainage pattern in the 
subterranean zone through the articulated surface 
well intersecting the vertical cavity well in accord- 
ance with another embodiment of the present in- 
vention.; 

FIGURE 3 is a cross-sectional diagram illustrating 
production of fluids from a horizontal draining pat- 
tern in a subterranean zone through a vertical well 
bore in accordance with one embodiment of the 
present invention; 

FIGURE 4 is a top plan diagram illustrating a pin- 
nate drainage pattern for accessing deposits in a 
subterranean zone in accordance with one embod- 
iment of the present invention; 
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FIGURE 5 is a top plan diagram illustrating a pin- 
nate drainage pattern for accessing deposits in a 
subterranean zone in accordance with another em- 
bodiment of the present invention; 
FIGURE 6 is a top plan diagram illustrating a quad- 
rilateral pinnate drainage pattern for accessing de- 
posits in a subterranean zone in accordance with 
still another embodiment of the present invention; 
FIGURE 7 is a top plan diagram illustrating the 
alignment of pinnate drainage patterns within pan- 
els of a coal seam for degasifying and preparing the 
coal seam for mining operations in accordance with 
one embodiment of the present invention; 
FIGURE 8 is a flow diagram illustrating a method 
for preparing a coal seam for mining operations in 
accordance with one embodiment of the present in- 
vention; 

FIGURES 9A-C are cross-sectional diagrams illus- 
trating a cavity well positioning tool in accordance 
with one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] FIGURE 1 illustrates a cavity and articulated 
well combination for accessing a subterranean zone 
from the surface in accordance with one embodiment of 
the present invention. In this embodiment, the subterra- 
nean zone is a coal seam. It will be understood that other 
low pressure, ultra-low pressure, and low porosity sub- 
terranean zones can be similarly accessed using the du- 
al well system of the present invention to remove and/ 
or produce water hydrocarbons and other fluids in the 
zone and to treat minerals in the zone prior to mining 
operations. 

[0020] Referring to FIGURE 1 , a substantially vertical 
well bore 1 2 extends from the surface 1 4 to a target coal 
seam 15. The substantially vertical well bore 12 inter- 
sects, penetrates and continues below the coal seam 
15. The substantially vertical well bore is lined with a 
suitable well casing 16 that terminates at or above the 
level of the coal seam 15. 

[0021 ] The substantially vertical well bore 1 2 is logged 
either during or after drilling in order to locate the exact 
vertical depth of the coal seam 15. As a result, the coal 
seam is not missed in subsequent drilling operations 
and techniques used to locate the seam 1 5 while drilling 
need not be employed. An enlarged diameter cavity 20 
is formed in the substantially vertical well bore 12 at the 
level of the coal seam 15. As described in more detail 
below, the enlarged diameter cavity 20 provides a junc- 
tion for intersection of the substantially vertical well bore 
by articulated well bore used to form a substantially hor- 
izontal drainage pattern in the coal seam 15. The en- 
larged diameter cavity 20 also provides a collection 
point for fluids drained from the coal seam 1 5 during pro- 
duction operations. 

[0022] In one embodiment, the enlarged diameter 
cavity 20 has a radius of approximately eight feet and a 



vertical dimension which equals or exceeds the vertical 
dimension of the coal seam 15. The enlarged diameter 
cavity 20 is formed using suitable under-reaming tech- 
niques and equipment. A vertical portion of the substan- 

5 tially vertical well bore 1 2 continues below the enlarged 
diameter cavity 20 to form a sump 22 for the cavity 20. 
[0023] An articulated well bore 30 extends from the 
surface 1 4 to the enlarged diameter cavity 20 of the sub- 
stantially vertical well bore 1 2. The articulated well bore 

10 30 includes a substantially vertical portion 32, a sub- 
stantially horizontal portion 34, and a curved or radiused 
portion 36 interconnecting the vertical and horizontal 
portions 32 and 34. The horizontal portion 34 lies sub- 
stantially in the horizontal plane of the coal seam 1 5 and 

'5 intersects the large diameter cavity 20 of the substan- 
tially vertical well bore 12. 

[0024] The articulated well bore 30 is offset a suffi- 
cient distance from the substantially vertical well bore 
12 at the surface 14 to permit the large radius curved 

20 section 36 and any desired horizontal section 34 to be 
drilled before intersecting the enlarged diameter cavity 
20. To provide the curved portion 36 with a radius of 
1 001 50 feet, the articulated well bore 30 is offset a dis- 
tance of about 300 feet from the substantially vertical 

2$ well bore 12. This spacing minimizes the angle of the 
curved portion 36 to reduce friction in the bore 30 during 
drilling operations. As a result, reach of the articulated 
drill string drilled through the articulated well bore 30 is 
maximized. 

30 [0025] The articulated well bore 30 is drilled using ar- 
ticulated drill string 40 that includes a suitable down- 
hole motor and bit 42. A measurement while drilling 
(MWD) device 44 is included in the articulated drill string 
40 for controlling the orientation and direction of the well 

35 bore drilled by the motor and bit 42. The substantially 
vertical portion 32 of the articulated well bore 30 is lined 
with a suitable casing 38. 

[0026] After the enlarged diameter cavity 20 has been 
successfully intersected by the articulated well bore 30, 
<o drilling is continued through the cavity 20 using the ar- 
ticulated drill string 40 and appropriate horizontal drilling 
apparatus to provide a substantially horizontal drainage 
pattern 50 in the coal seam 1 5. The substantially hori- 
zontal drainage pattern 50 and other such well bores 
is include sloped, undulating, or other inclinations of the 
coal seam 15 or other subterranean zone. During this 
operation, gamma ray logging tools and conventional 
measurement while drilling devices may be employed 
to control and direct the orientation of the drill bit to retain 
so the drainage pattern 50 within the confines of the coal 
seam 15 and to provide substantially uniform coverage 
of a desired area within the coal seam 15. Further infor- 
mation regarding the drainage pattern is described in 
more detail below in connection with FIGURES 4-7. 
55 [0027] During the process of drilling the drainage pat- 
tern 50, drilling fluid or "mud" is pumped down the artic- 
ulated drill string 40 and circulated out of the drill string 
40 in the vicinity of the bit 42, where it is used to scour 
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the formation and to remove formation cuttings. The cut- 
tings are then entrained in the drilling fluid which circu- 
lates up through the annulus between the drill string 40 
and the well bore walls until it reaches the surface 14, 
where the cuttings are removed from the drilling fluid 
and the fluid is then recirculated. This conventional drill- 
ing operation produces a standard column of drilling flu- 
id having a vertical height equal to the depth of the well 
bore 30 and produces a hydrostatic pressure on the well 
bore corresponding to the well bore depth. Because coal 
seams tend to be porous and fractured, they may be 
unable to sustain such hydrostatic pressure, even if for- 
mation water is also present in the coal seam 15. Ac- 
cordingly, if the full hydrostatic pressure is allowed to act 
on the coal seam 15, the result may be loss of drilling 
fluid and entrained cuttings into the formation. Such a 
circumstance is referred to as an "over balanced" drilling 
operation in which the hydrostatic fluid pressure In the 
well bore exceeds the ability of tne"formation to with- 
stand the pressure. Loss of drilling fluids in cuttings into 
the formation not only is expensive in terms of the lost 
drilling fluids, which must be made up, but it tends to 
plug the pores in the coal seam 15 : which are needed 
to drain the coal seam of gas and water. 
[0028] To prevent over balance drilling conditions dur- 
ing formation of the drainage pattern 50, air compres- 
sors 60 are provided to circulate compressed air down 
the substantially vertical well bore 12 and back up 
through the articulated well bore 30. The circulated air 
will admix with the drilling fluids in the annulus around 
the articulated drill string 40 and create bubbles through- 
out the column of drilling fluid. This has the effective of 
lightening the hydrostatic pressure of the drilling fluid 
and reducing the down-hole pressure sufficiently that 
drilling conditions do not become over balanced. Aera- 
tion of the drilling fluid reduces down-hole pressure to 
approximately 150-200 pounds per square inch (psi). 
Accordingly, low pressure coal seams and other subter- 
ranean zones can be drilling without substantial loss of 
drilling fluid and contamination of the zone by the drilling 
fluid. 

[0029] Foam, which may be compressed air mixed 
with water, may also be circulated down through the ar- 
ticulated drill string 40 along with the drilling mud in order 
to aerate the drilling fluid in the annulus as the articulat- 
ed well bore 30 Is being drilled and, if desired, as the 
drainage pattern 50 is being drilled. Drilling of the drain- 
age pattern 50 with the use of an air hammer bit or an 
air-powered down-hole motor will also supply com- 
pressed air or foam to the drilling fluid. In this case, the 
compressed air or foam which is used to power the bit 
or down-hole motor exits the vicinity of the drill bit 42. 
However, the larger volume of air which can be circulat- 
ed down the substantially vertical well bore 12, permits 
greater aeration of the drilling fluid than generally is pos- 
sible by air supplied through the articulated drill string 
40. 

[0030] FIGURE 2 illustrates method and system for 



drilling the drainage pattern 50 in the coal seam 15 in 
accordance with another embodiment of the present in- 
vention. In this embodiment, the substantially vertical 
well bore 12, enlarged diameter cavity 20 and articulat- 

5 ed well bore 32 are positioned and formed as previously 
described in connection with the FIGURE 1 . 
[0031] Refemngto FIGURE 2, after intersection of the 
enlarged diameter cavity 20 by the articulated well bore 
30 a pump 52 is installed in the enlarged diameter cavity 

10 20 to pump drilling fluid and cuttings to the surface 14 
through the substantially vertical well bore 1 2. This elim- 
inates the friction of air and fluid returning up the artic- 
ulated well bore 30 and reduces down-hole pressure to 
nearly zero. Accordingly, coal seams and other subter- 

15 ranean zones having ultra low pressures below 1 50 psi 
can be accessed from the surface. Additionally, the risk 
of combining air and methane in the well Is eliminated. 
[0032] FIGURE 3 illustrates production of fluids from 
the horizontal drainage pattern 50 in the coal seam 15 

20 jn accordance with one embodiment of the present in- 
vention. In this embodiment, after the substantially ver- 
tical and articulated well bores 12 and 30 as well as de- 
sired drainage pattern 50 have been drilled, the articu- 
lated drill string 40 is removed from the articulated well 

25 bore 30 and the. articulated well bore is capped. For 
multiple pinnate structure described below, the articu- 
lated well 30 may be plugged in the substantially hori- 
zontal portion 34. Otherwise, the articulated well 30 may 
be left unplugged. 

30 [0033] Referring to FIGURE 3, a down hole pump 80 
is disposed in the substantially vertical well bore 12 in 
the enlarged diameter cavity 22. The enlarged cavity 20 
provides a reservoir for accumulated fluids allowing in- 
termittent pumping without adverse effects of a hydro- 
ps static head caused by accumulated fluids in the well 
bore. 

[0034] The down hole pump 140 is connected to the 
surface 14 via a tubing string 82 and may be powered 
by sucker rods 84 extending down through the well bore 

40 12 of the tubing. The sucker rods 84 are reciprocated 
by a suitable surface mounted apparatus, such as a 
powered walking beam 86 to operate the down hole 
pump 80. The down hole pump 80 is used to remove 
water and entrained coal fines from the coal seam 15 

45 via the drainage pattern 50. Once the water Is removed 
to the surface, It may be treated for separation of meth- 
ane which may be dissolved in the water and for removal 
of entrained fines. After sufficient water has been re- 
moved from the coal seam 15, pure coal seam gas may 

50 be allowed to flow to the surface 1 4 through the annulus 
of the substantially vertical well bore 1 2 around the tub- 
ing string 82 and removed via piping attached to a well- 
head apparatus. At the surface, the methane is treated, 
compressed and pumped through a pipeline for use as 

55 a fuel in a conventional manner. The down hole pump 
80 may be operated continuously or as needed to re- 
move water drained from the coal seam 15 into the en- 
larged diameter cavity 22. 
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[0035] FIGURES 4-7 illustrate substantially horizontal 
drainage patterns 50 for accessing the coal seam 1 5 or 
other subterranean zone in accordance with one em- 
bodiment of the present invention. In this embodiment, 
the drainage patterns comprise pinnate patterns that 5 
have a central diagonal with generally symmetrically ar- 
ranged and appropriately spaced laterals extending 
from each side of the diagonal. The pinnate pattern ap- 
proximates the pattern of veins in a leaf or the design of 
a feather in that it has similar, substantially parallel, aux- io 
iliary drainage bores arranged in substantially equal and 
parallel spacing or opposite sides of an axis. The pin- 
nate drainage pattern with its central bore and generally 
symmetrically arranged and appropriately spaced aux- 
iliary drainage bores on each side provides a uniform w 
pattern for draining fluids from a coal seam or other sub- 
terranean formation. As described In more detail below, 
the pinnate pattern provides substantially uniform cov- 
erage of a square, other quadrilateral, or grid area and 
may be aligned with longwall mining panels for prepar- 20 
ing the coal seam 15 for mining operations. It will be 
understood that other suitable drainage patterns may be 
used in accordance with the present invention. 
[0036] The pinnate and other suitable drainage pat- 
terns drilled from the surface provide surface access to 25 
subterranean formations. The drainage pattern may be 
used to uniformly remove and/or insert fluids or other- 
wise manipulate a subterranean deposit. In non coal ap- 
plications, the drainage pattern may be used initiating 
In-situ bums, "huff-puff" steam operations for heavy 30 
crude oil, and the removal of hydrocarbons from low po- 
rosity reservoirs. 

[0037] FIGURE 4 illustrates a pinnate drainage pat- 
tern 100 in accordance with one embodiment of the 
present invention. In this embodiment, the pinnate 35 
drainage pattern 100 provides access to a substantially 
square area 102 of a subterranean zone. A number of 
the pinnate patterns 60 may be used together to provide 
uniform access to a large subterranean region. 
[0038] Referring to FIGURE 4, the enlarged diameter <o 
cavity 20 defines a first comer of the area 1 02. The pin- 
nate pattern 1 00 includes a substantially horizontal main 
well bore 1 04 extending diagonally across the area 1 02 
to a distant comer 1 06 of the area 102. Preferably, the 
substantially vertical and articulated well bores 12 and <s 
30 are positioned over the area 1 02 such that the diag- 
onal bore 1 04 is drilled up the slope of the coal seam 
15. This will facilitate collection of water, gas from the 
area 1 02. The diagonal bore 1 04 is drilled using the ar- 
ticulated drill string 40 and extends from the enlarged so 
cavity 20 in alignment with the articulated well bore 30. 
[0039] A plurality of lateral well bores 1 1 0 extend from 
the opposites sides of diagonal bore 1 04 to a periphery 
112 of the area 102. The lateral bores 122 may mirror 
each other on opposite sides of the diagonal bore 1 04 ss 
or may be offset from each other along the diagonal bore 
104. Each of the lateral bores 110 includes a radius curv- 
ing portion 114 coming off of the diagonal bore 104 and 
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an elongated portion 1 1 6 formed after the curved portion 
1 1 4 has reached a desired orientation. For uniform cov- 
erage of the square area 102, pairs of lateral bores 110 
are substantially evenly spaced on each side of the di- 
agonal bore 104 and extend from the diagonal 64 at an 
angle of approximately 45 degrees. The lateral bores 
110 shorten in length based on progression away from 
the enlarged diameter cavity 20 in order to facilitate drill- 
ing of the lateral bores 110. 

[0040] The pinnate drainage pattern 1 00 using a sin- 
gle diagonal bore 1 04 and five pairs of lateral bores 110 
may drain a coal seam area of approximately 150 acres 
in size. Where a smaller area is to be drained, or where 
the coal seam has a different shape, such as a long, 
narrow shape or due to surface or subterranean topog- 
raphy, alternate pinnate drainage patterns may be em- 
ployed by varying the angle of the lateral bores 110 to 
the diagonal bore 104 and the orientation of the lateral 
bores 110. Alternatively, lateral bores 1 20 can be drilled 
from only one side of the diagonal bore 104 to form a 
one-half pinnate pattern. 

[0041] The diagonal bore 104 and the lateral bores 
110 are formed by drilling through the enlarged diameter 
cavity 20 using the articulated drill string 40 and appro- 
priate horizontal drilling apparatus. During this opera- 
tion, gamma ray logging tools and conventional meas- 
urement white drilling technologies may be employed to 
control the direction and orientation of the drill bit so as 
to retain the drainage pattern within the confines of the 
coal seam 15 and to maintain proper spacing and ori- 
entation of the diagonal and lateral bores 104 and 110. 
[0042] In a particular embodiment, the diagonal bore 
104 is drilled with an incline at each of a plurality of lat- 
eral kick-off points 108. After the diagonal 104 is com- 
plete, the articulated drill string 40 is backed up to each 
successive lateral point 106 from which a lateral bore 
1 1 0 is drilled on each side of the diagonal 1 04. It will be 
understood that the pinnate drainage pattern 100 may 
be otherwise suitably formed in accordance with the 
present invention. 

[0043] FIGURE 5 illustrates a pinnate drainage pat- 
tern 120 in accordance with another embodiment of the 
present invention. In this embodiment, the pinnate 
drainage pattern 120 drains a substantially rectangular 
area 1 22 of the coal seam 1 5. The pinnate drainage pat- 
tern 120 includes a main diagonal bore 124 and a plu- 
rality of lateral bores 126 that are formed as described 
in connection with diagonal and lateral bores 104 and 
11 0 of FIGURE 4. For the substantially rectangular area 
1 22, however, the lateral bores 1 26 on a first side of the 
diagonal 124 include a shallow angle while the lateral 
bores 126 on the opposite side of the diagonal 124 in- 
clude a steeper angle to together provide uniform cov- 
erage of the area 12. 

[0044] FIGURE 6 illustrates a quadrilateral pinnate 
drainage pattern 1 40 in accordance with another em- 
bodiment of the present invention. The quadrilateral 
drainage pattern 140 includes four discrete pinnate 
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drainage patterns 1 00 each draining a quadrant of a re- 
gion 142 covered by the pinnate drainage pattern 140. 
[0045 1 ) Each of the pinnate drainage patterns 100 in- 
cludes a diagonal well bore 1 04 and a plurality of lateral 
well bores 110 extending from the diagonal well bore 
104. In the quadrilateral embodiment, each of the diag- 
onal and lateral bores 104 and 110 are drilled from a 
common articulated well bore 141. This allows tighter 
spacing of the surface production equipment, wider cov- 
erage of a drainage pattern and reduces drilling equip- 
ment and operations. 

[0046] FIGURE 7 illustrates the alignment of pinnate 
drainage patterns 1 00 with subterranean structures of 
a coal seam for degasifying and preparing the coal seam 
for mining operations in accordance with one embodi- 
ment of the present invention. In this embodiment, the 
coal seam 15 is mined using a longwall process. It will 
be understood that the present invention can be used 
to degassify coal seams for other types of mining oper- 
ations. 

[0047] Referring to FIGURE 7, coal panels 150 ex- 
tend longitudinally from a longwall 1 52. in accordance 
with longwall mining practices, each panel 150 is sub- 
sequently mined from a distant end toward the longwall 
1 52 and the mine roof allowed to cave and fracture into 
the opening behind the mining process. Prior to mining 
of the panels 150, the pinnate drainage patterns 100 are 
drilled into the panels 150 from the surface to degasify 
the panels 150 well ahead of mining operations. Each 
of the pinnate drainage patterns 100 is aligned with the 
longwall 152 and panel 150 grid and covers portions of 
one or more panels 150. In this way, a region of a mine 
can be degasified from the surface based on subterra- 
nean structures and constraints. 
[0048] FIGURE 8 is a flow diagram illustrating a meth- 
od for preparing the coal seam 1 5 for mining operations 
in accordance with one embodiment of the present in- 
vention. In this embodiment, the method begins at step 
160 in which areas to be drained and drainage patterns 
50 for the areas are identified. Preferably, the areas are 
aligned with the grid of a mining plan for the region. Pin- 
nate structures 100, 120 and 140 may be used to pro- 
vide optimized coverage for the region. It will be under- 
stood that other suitable patterns may be used to de- 
gasify the coal seam 1 5. 

[0049] Proceeding to step 162, the substantially ver- 
tical well 12 is drilled from the surface 14 through the 
coal seam 15. Next, at step 164, down hole logging 
equipment is utilized to exactly identify the location of 
the coal seam in the substantially well bore 12. At step 
164, the enlarged diameter cavity 22 is formed in the 
substantially vertical well bore 1 2 at the location of the 
coal seam 1 5. As previously discussed, the enlarged di- 
ameter cavity 20 may be formed by under reaming and 
other conventional techniques. 

[0050] Next, at step 166, the articulated well bore 30 
is drilled to intersect the enlarged diameter cavity 22. At 
step 168, the main diagonal bore 104 for the pinnate 



drainage pattern 100 is drilled through the articulated 
well bore 30 into the coal seam 15. After formation of 
the main diagonal 1 04, lateral bores 1 10 for the pinnate 
drainage pattern 100 are drilled at step 170. As previ- 
5 ously described, lateral kick-off points may be formed in 
the diagonal bore 104 during its formation to facilitate 
drilling of the lateral bores 110. 
[0051] At step 172, the articulated well bore 30 is 
capped. Next, at step 174, the enlarged diagonal cavity 
10 22 is cleaned in preparation for installation of downhole 
production equipment. The enlarged diameter cavity 22 
may be cleaned by pumping compressed air down the 
substantially vertical well bore 12 or other suitable tech- 
niques. At step 176, production equipment is installed 
15 In the substantially vertical well bore 1 2. The production 
equipment includes a sucker rod pump extending down 
into the cavity 22 for removing water from the coal seam 
15. The removal of water will drop the pressure of the 
coal seam and allow methane gas to diffuse and be pro- 
duced up the annulus of the substantially vertical well 
bore 12. 

[0052] Proceeding to step 1 78, water that drains from 
the drainage pattern 1 00 into the cavity 22 is pumped to 
the surface with the rod pumping unit. Water may be 
continuously or intermittently be pumped as needed to 
remove it from the cavity 22. At step 180, methane gas 
diffused from the coal seam 15 is continuously collected 
at the surface 14. Next, at decisional step 182 it is de- 
termined whether the production of gas from the coal 
seam 15 is complete. In one embodiment, the produc- 
tion of gas may be complete after the cost of the collect- 
ing the gas exceeds the revenue generated by the well. 
In another embodiment, gas may continue to be pro- 
duced from the well until a remaining level of gas in the 
coal seam 15 is below required levels for mining oper- 
ations. If production of the gas is not complete, the No 
branch of decisional step 182 returns to steps 178 and 
1 80 in which water and gas continue to be removed from 
the coal seam 15. Upon completion of production, the 
Yes branch of decisional step 182 leads to step 184 in 
which the production equipment is removed. 
[0053] Next, at decisional step 186, it is determined 
whether the coal seam 15 is to be further prepared for 
mining operations. If the coal seam 15 is to be further 
prepared for mining operations, the Yes branch of deci- 
sional step 186 leads to step 188 in which water and 
other additives may be injected back into the coal seam 
15 to rehydrate the coal seam in order to minimize dust, 
to improve the efficiency of mining, and to improve the 
mined product. 

[0054] Step 1 88 and the No branch of decisional step 
1 86 lead to step 1 90 in which the coal seam 1 5 is mined. 
The removal of the coal from the seam causes the mined 
roof to cave and fracture into the opening behind the 
mining process. The collapsed roof creates gob gas 
which may be collected at step 1 92 through the substan- 
tially vertical well bore 12. Accordingly, additional drilling 
operations are not required to recover gob gas from a 
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mined coa! seam. Step 1 92 leads to the end of the proc- 
ess by which a coal seam is efficiently degasified from 
the surface. The method provides a symbiotic relation- 
ship with the mine to remove unwanted gas prior to min- 
ing and to rehydrate the coal prior to the mining process. 
[0055] FIGURES 9A through 9C are diagrams illus- 
trating deployment of a well cavity pump 200 in accord- 
ance with an embodiment of the present invention. Re- 
ferring to FIGURE 9A, well cavity pump 200 comprises 
a well bore portion 202 and a cavity positioning device 
204. Well bore portion 202 comprises an inlet 206 for 
drawing and transferring well fluid contained within cav- 
ity 20 to a surface of vertical well bore 12. 
[0056] In this embodiment, cavity positioning device 
204 is rotatably coupled to well bore portion 202 to pro- 
vide rotational movement. of cavity positioning device 
204 relative to well bore portion 202. For example, a pin, 
shaft, or other suitable method or device (not explicitly 
shown) may be used to rotatably couple cavity position 
device 204 to well bore portion 202 to provide pivotal 
movement of cavity positioning device 204 about an axis 
208 relative to well bore portion 202. Thus, cavity posi- 
tioning device 204 may be coupled to well bore portion 
202 between an end 210 and an end 212 of cavity po- 
sitioning device 204 such that both ends 210 and 212 
may be rotatably manipulated relative to well bore por- 
tion 202. 

[0057] Cavity positioning device 204 also comprises 
a counter balance portion 214 to control a position of 
ends 210 and 212 relative to well bore portion 202 in a 
generally unsupported condition. For example, cavity 
positioning device 204 is generally cantiievered about 
axis 208 relative to well bore portion 202. Counter bal- 
ance portion 214 is disposed along cavity positioning 
device 204 between axis 208 and end 210 such that a 
weight or mass of counter balance portion 214 counter 
balances cavity positioning device 204 during deploy- 
ment and withdrawal of well cavity pump 200 relative to 
vertical well bore 12 and cavity 20. 
[0058] In operation, cavity positioning device 204 is 
deployed into vertical well bore 12 having end 210 and 
counter balance portion 214 positioned in a generally 
retracted condition, thereby disposing end 210 and 
counter balance portion 214 adjacent well bore portion 
202. As well cavity pump 200 travels downwardly within 
vertical well bore 12 in the direction indicated generally 
by arrow 216, a length of cavity positioning device 204 
generally prevents rotational movement of cavity posi- 
tioning device 204 relative to well bore portion 202. For 
example, the mass of counter balance portion 21 4 may 
cause counter balance portion 214 and end 212 to be 
generally supported by contact with a vertical wall 218 
of vertical well bore 1 2 as well cavity pump 200 travels 
downwardly within vertical well bore 12. 
[0059] Referring to FIGURE 9B, as well cavity pump 
200 travels downwardly within vertical well bore 12, 
counter balance portion 214 causes rotational or pivotal 
movement of cavity positioning device 204 relative to 



well bore portion 202 as cavity positioning device 204 
transitions from vertical well bore 12 to cavity 20. For 
example, as cavity positioning device 204 transitions 
from vertical well bore 1 2 to cavity 20, counter balance 
5 portion 214 and end 21 2 become generally unsupported 
by vertical wall 21 8 of vertical well bore 12. As counter 
balance portion 214 and end 212 become generally un- 
supported, counter balance portion 214 automatically 
causes rotational movement of cavity positioning device 
10 204 relative to well bore portion 202. For example, coun- 
ter balance portion 214 generally causes end 21 0 to ro- 
tate or extend outwardly relative to vertical well bore 12 
in the direction indicated generally by arrow 220. Addi- 
tionally, end 212 of cavity positioning device 204 ex- 
is tends or rotates outwardly relative to vertical well bore 
12 in the direction indicated generally by arrow 222. 
[0060] The length of cavity positioning device 204 is 
configured such that ends 210 and 212 of cavity posi- 
tioning device 204 become generally unsupported by 
20 vertical well bore 12 as cavity positioning device 204 
transitions from vertical well bore 12 into cavity 20, 
thereby allowing counter balance portion 214 to cause 
rotational movement of end 212 outwardly relative to 
well bore portion 202 and beyond an annulus portion 
224 of sump 22. Thus, in operation, as cavity positioning 
device 204 transitions from vertical well bore 1 2 to cavity 
20, counter balance portion 214 causes end 212 to ro- 
tate or extend outwardly in the direction indicated gen- 
erally by arrow 222 such that continued downward travel 
30 of well cavity pump 200 results in contact of end 1 2 with 
a horizontal wall 226 of cavity 20. 
[0061] Referring to FIGURE 9C, as downwardly travel 
of well cavity pump 200 continues, the contact of end 
21 2 with horizontal wail 226 of cavity 20 causes further 
35 rotational movement of cavity positioning device 204 rel- 
ative to well bore portion 202. For example, contact be- 
tween end 21 2 and horizontal 226 combined with down- 
ward travel of well cavity pump 200 causes end 210 to 
extend or rotate outwardly relative to vertical well bore 
to 12 in the direction indicated generally by arrow 228 until 
counter balance portion 214 contacts a horizontal wall 
230 of cavity20. Once counter balance portion 214 and 
end 212 of cavity positioning device 204 become gen- 
erally supported by horizontal walls 226 and 230 of cav- 
ity 20, continued downward travel of well cavity pump 
200 is substantially prevented, thereby positioning Inlet 
206 at a predefined location within cavity 20. 
[0062] Thus, inlet 206 may be located at various po- 
sitions along well bore portion 202 such that inlet 206 is 
disposed at the predefined location within cavity 20 as 
cavity positioning device 204 bottoms out within cavity 
20. Therefore, inlet 206 may be accurately positioned 
within cavity 20 to substantially prevent drawing in de- 
bris or other material disposed within sump or rat hole 
22 and to prevent gas interference caused by placement 
of the inlet 20 in the narrow well bore. Additionally, inlet 
206 may be positioned within cavity 20 to maximize fluid 
withdrawal from cavity 20. 
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[0063] In reverse operation, upward travel of well cav- 
ity pump 200 generally results in releasing contact be- 
tween counter balance portion 214 and end 212 with 
horizontal walls 230 and 226, respectively. As cavity po- 
sitioning device 204 becomes generally unsupported 
within cavity 20, the mass of cavity positioning device 
204 disposed between end 212 and axis 208 generally 
causes cavity positioning device 204 to rotate in direc- 
tions opposite the directions indicated generally by ar- 
rows 220 and 222 as illustrated FIGURE 9B. Addition- 
ally, counter balance portion 214 cooperates with the 
mass of cavity positioning device 204 disposed between 
end 212 and axis 208 to generally align cavity position- 
ing device 204 with vertical well bore 12. Thus ; cavity 
positioning device 204 automatically becomes aligned 
with vertical well bore 1 2 as well cavity pump 200 is with- 
drawn from cavity 20. Additional upward travel of well 
cavity pump 200 then may be used to remove cavity po- 
sitioning device 204 from cavity 20 and vertical well bore 
12. 

[0064] Therefore, the present invention provides 
greater reliability than prior systems and methods by 
positively locating inlet 206 of well cavity pump 200 at a 
predefined location within cavity 20. Additionally, well 
cavity pump 200 may be efficiently removed from cavity 
20 without requiring additional unlocking or alignment 
tools to facilitate the withdrawal of well cavity pump 200 
from cavity 20 and vertical well bore 1 2. 
[0065] Although the present invention has been de- 
scribed with several embodiments, various changes 
and modifications may be suggested to one skilled in 
the art. It is intended that the present invention encom- 
pass such changes and modifications as fall within the 
scope of the appended claims. 



Claims 

1. A substantially horizontal subterranean drainage 
pattern for accessing a substantially quadrilateral 
area of a subterranean zone, comprising: 

a substantially horizontal diagonal well bore ex- 
tending diagonal ly from a first comer of the sub- 
stantially quadrilateral area in the subterranean 
zone to a distant comer of the quadrilateral ar- 
ea; 

a first plurality of substantially horizontal lateral 
well bores extending in space relation to each 
other from the diagonal well bore to the periph- 
ery of the quadrilateral area on a first side of 
the diagonal well bore; and 
a second plurality of substantially horizontal lat- 
eral well bores extending in space relation to 
each other from the diagonal well bore to the 
periphery of the quadrilateral area on a second, 
opposite side of the diagonal. 



2. The subterranean drainage pattern of Claim 1, 
wherein the lateral well bores are progressively 
shorter as they progress away from the first corner. 

5 3. The subterranean drainage pattern of Claim 1, 
wherein the lateral well bores each substantially ex- 
tend at an angle of between 40 and 50 degrees from 
the diagonal well bore. 

10 4. The subterranean drainage pattern of Claim 1, 
wherein the lateral well bores each substantially ex- 
tend at an angle of about 45 degrees from the diag- 
onal well bore. 

*s 5. The subterranean drainage pattern of Claim 1, 
wherein the area substantially comprises a square 
and the comers comprise opposite corners of the 
square. 

20 6. The subterranean drainage pattern of Claim 1, 
wherein the substantially horizontal diagonal and 
lateral well bores provide substantially uniform cov- 
erage of the area. 

25 7. The subterranean drainage pattern of Claim 1, 
wherein the lateral well bores in each set are sub- 
stantially evenly spaced from each other. 

8. A method for forming a subterranean drainage pat- 
30 tern for accessing an area of a subterranean zone 
from the surface, comprising: 

drilling through an articulated well bore a sub- 
stantially horizontal well bore from a first end to 
35 a second end of the area in the subterranean 

zone; 

inclining the substantially horizontal well bore 
at each of a plurality of lateral points; and 
after drilling the substantially horizontal well 
40 bore with an articulated drill string, backing the 

articulated drill string to each successive lateral 
point and drilling a plurality of lateral well bores 
from the lateral points extending from each side 
of the substantially horizontal well bore and to 
45 a periphery of the area, wherein a length of 

each of the lateral well bores progressively de- 
creases as a distance between each lateral 
point and the first end of the area increases. 

so 9. The method of Claim 8, further comprising, sub- 
stantially evenly spacing the lateral points along the 
substantially horizontal well bore. 

10. The method of Claim 8, further comprising drilling 
55 the lateral well bores from each lateral point at sub- 
stantially a 45 degree angle from the substantially 
horizontal well bore. 
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11. The method of Claim 8, wherein the area is sub- 
stantially quadrilateral in shape. 

12. The method of Claim 8, wherein the area is sub- 
stantially square in shape. 



the second plurality of lateral well bores. 

22. The subterranean drainage pattern of Claim 14, 
wherein the first well bore is formed sloping upward- 
ly within the subterranean zone. 



1 3. The method of Claim 8, wherein the first and second 
ends define opposite corners of the area. 

14. A subterranean drainage pattern for accessing an 
area of a subterranean zone, comprising: 

a first well bore extending from a first end of the 
area in the subterranean zone to a second end 
of the area; 

a first plurality of lateral well bores extending in 
spaced apart relation to each other from the 
first well bore to the periphery of the area on a 
first side of the first well bore; and 
a second plurality of lateral well bores extend- 
ing in spaced apart relation to each other from 
the first well bore to the periphery of the area 
on a second, opposite side of the first well bore, 
wherein the length of the lateral well bores pro- 
gressively shorten on a particular side of the 
first well bore as a distance from the first end 
of the area increases. 

15. The subterranean drainage pattern of Claim 14, 
wherein the lateral well bores each substantially ex- 
tend at an angle of between 40 and 50 degrees from 
the first well bore. 

16. The subterranean drainage pattern of Claim 14, 
wherein the lateral well bores each substantially ex- 
tend at an angle of about 45 degrees from the first 
well bore. 

17. The subterranean drainage pattern of Claim 14, 
wherein the area substantially comprises a quadri- 
lateral and the ends comprise distant corners of the 
quadrilateral. 

18. The subterranean drainage pattern of Claim 14, 
wherein the area substantially comprises a square 
and the ends comprise opposite ends of the square. 

19. The subterranean drainage pattern of Claim 14, 
wherein the first well bore and the lateral well bores 
provide substantially uniform coverage of the area. 

20. The subterranean drainage pattern of Claim 14, 
wherein the lateral well bores in each of the first and 
second plurality are substantially evenly spaced 
apart from each other. 

21. The subterranean drainage pattern of Claim 14, 
wherein the first plurality of lateral well bores mirrors 



23. The subterranean drainage pattern of Claim 14, 
wherein each of the lateral well bores comprises: 

10 a radiused portion extending from the first well 

bore; and 

an elongated portion extending from the radi- 
used portion to the periphery of the area. 

'5 24. The subterranean drainage pattern of Claim 14, 
wherein each of the first plurality of lateral well bores 
extend from the first well bore at a first angle, and 
wherein each of the second plurality of lateral well 
bores extend from the first well bore at a second 

20 angle, the first angle different than the second an- 



25. The subterranean drainage pattern of Claim 14, 
wherein the lateral well bores of the first plurality of 

25 lateral well bores are disposed substantially parallel 
to each other. 

26. The subterranean drainage pattern of Claim 25, 
wherein the lateral well bores of second plurality of 

30 lateral well bores are disposed substantially parallel 
to each other. 

27. The subterranean drainage pattern of Claim 14, 
wherein the first and second plurality of lateral well 

35 bores each comprise three or more lateral well 

bores. 

28. The subterranean drainage pattern of Claim 14, 
wherein the first and second plurality of lateral well 

40 bores each comprise four or more lateral well bores . 

29. The subterranean drainage pattern of Claim 14, 
wherein the first and second plurality of lateral well 
bores each comprise five or more lateral well bores. 
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30. A structure for accessing a region of a subterranean 
zone, comprising: 

a first well bore substantially defining an end of 
a first area in the region; 
a second well bore substantially defining an 
end of a second area in the region adjacent to 
the first area; 

a third well bore including a first portion inter- 
secting the first well bore at a first junction and 
a second portion intersecting the second well 
bore at a second junction; 
a fourth well bore extending from the first junc- 
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tion In line with the first portion of the third well 
bore to a distant end of the first area; 
a fifth well bore extending from the second junc- 
tion in line with the second portion of the third 
well bore to a distant end of the second area; 
and 

a plurality of lateral well bores extending from 
each of the fourth and fifth well bores to a pe- 
riphery of the respective first and second areas. 

31. The structure of Claim 30, wherein the lateral well 
bores extend from opposite sides of each of the re- 
spective fourth and fifth well bores. 

32. The structure of Claim 30, wherein the lateral well 
bores are substantially evenly spaced from each 
other. 

33. The structure of Claim 30, wherein the lateral well 
bores progressively shorten as a distance between 
a respective lateral well bore and the respective first 
and second junction increases. 

34. The structure of Claim 30, further comprising: 

a sixth well bore substantially defining an end 
of a third area; 

a seventh well bore substantially defining an 
end of a fourth area; 

the third well bore including a third portion in- 
tersecting the sixth well bore at a third junction 
and a fourth portion intersecting the seventh 
well bore at a fourth junction; 
an eighth well bore extending from the third 
junction in line with the third portion of the third 
well bore to a distant end of the third area; and 
a ninth well bore extending from the fourth junc- 
tion in line with the fourth portion of the third 
well bore to a distant end of the fourth area. 

35. The structure of Claim 30, further comprising an en- 
larged cavity disposed in each of the first and sec* 
ond well bores at the respective first and second 
junctions. 

36. The structure of Claim 30, wherein each of the lat- 
eral well bores comprises: 

a radiused portion extending from a respective 
fourth and fifth well bore; and 
an elongated portion extending from the radi- 
used portion to the periphery of the correspond- 
ing first and second area. 

37. The structure of Claim 30, wherein the first and sec- 
ond areas comprise substantially quadrilateral are* 
as. 



38. The structure of Claim 30, wherein the fourth and 
fifth well bores are disposed substantially within a 
horizontal plane of the subterranean zone. 

5 39. The structure of Claim 30, wherein the fourth and 
fifth well bores are disposed sloping upwardly within 
the subterranean zone. 

40. A method for forming a subterranean drainage pat- 
10 tern for accessing an area of a subterranean zone, 

comprising: 

forming a first well bore extending from a first 
end of the area in the subterranean zone to a 

is second end of the area; 

forming a first plurality of lateral well bores ex- 
tending In spaced apart relation to each other 
from the first well bore to the periphery of the 
area on a first side of the first well bore; and 

20 forming a second plurality of lateral well bores 

extending in spaced apart relation to each other 
from the first well bore to the periphery of the 
area on a second, opposite side of the first well 
bore, wherein the length of the lateral well 

25 bores progressively shorten on a particular side 

of the first well bore as the distance from the 
first end of the area increases. 

41 . The method of Claim 40, wherein forming the first 
30 and second plurality of lateral well bores comprises 

forming each of the lateral well bores extending 
substantially at an angle of between 40 and 50 de- 
grees from the first well bore. 

35 42. The method of Claim 40, wherein forming the first 
and second plurality of lateral well bores comprises 
forming each of the lateral well bores extending 
substantially at an angle of about 45 degrees from 
the first well bore. 

40 

43. The method of Claim 40 s wherein: 

the area of the subterranean zone comprises a 
substantially quadrilateral area; and 
<3 forming the first well bore comprises forming 

the first well bore extending from a first comer 
to a second comer of the substantially quadri- 
lateral area. 

so 44. The method of Claim 43, wherein the substantially 
quadrilateral area comprises a substantially square 
area. 

45. The method of Claim 40, wherein forming the first 
55 well bore and the first and second plurality of lateral 
well bores comprises forming the first well bore and 
the first and second plurality of lateral well bores to 
provide substantially uniform coverage of the area. 
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46. The method of Claim 40, wherein forming the first 
and second plurality of lateral well bores comprises 
forming each of the lateral well bores substantially 
evenly spaced apart from each other. 

47. The method of Claim 40, wherein forming each of 
the second plurality of lateral well bores comprises 
forming each of the second plurality of lateral well 
bores to mirror one of the first plurality of lateral well 
bores on the opposite side of the first well bore. 

48. The method of Claim 40, wherein forming each of 
the lateral well bores comprises: 

forming a radiused portion extending from the 
first well bore; and 

forming an elongated portion extending from 
the radiused portion to the periphery of the ar- 
ea. 

49. The method of Claim 40, wherein forming the first 
and second plurality of lateral well bores comprises: 

forming each of the first plurality of lateral well 
bores extending from the first well bore at a first 
angle; and 

forming each of the second plurality of lateral 
well bores extending from the first well bore at 
a second angle, the first angle being different 
than the second angle. 

50. The method of Claim 40, wherein forming the first 
and second plurality of lateral well bores comprises 
forming the lateral well bores of each plurality of lat- 
eral well bores substantially parallel to each other. 

51. The method of Claim 40, wherein the first and sec- 
ond plurality of lateral well bores each comprise 
three or more lateral well bores. 

52. The method of Claim 40, wherein the first and sec- 
ond plurality of lateral well bores each comprise four 
or more lateral well bores. 

53. The method of Claim 40, wherein the first and sec- 
ond plurality of lateral well bores each comprise five 
or more lateral well bores. 

54. A method forforming a substantially horizontal sub- 
terranean drainage pattern for accessing a sub- 
stantially quadrilateral area of a subterranean zone, 
comprising: 

forming a substantially horizontal diagonal well 
bore extending diagonally from a first comer of 
the substantially quadrilateral area to a distant 
corner of the quadrilateral area; 
a first plurality of substantially horizontal lateral 



well bores extending in space relation to each 
other from the diagonal well bore to the periph- 
ery of the quadrilateral area on a first side of 
the diagonal well bore; and 
5 a second plurality of substantially horizontal lat- 

eral well bores extending in space relation to 
each other from the diagonal well bore to the 
periphery of the quadrilateral area on a second, 
opposite side of the diagonal. 

10 

55. The method of Claim 54, wherein the length of the 
lateral well bores progressively decreases as the 
distance from the first comer of the quadrilateral ar- 
ea increases. 

15 

56. The method of Claim 54, wherein the lateral well 
bores each substantially extend at an angle of be- 
tween 40 and 50 degrees from the diagonal well 
bore. 

The method of Claim 54, wherein the lateral well 
bores each substantially extend at an angle of about 
45 degrees from the diagonal well bore. 

25 58. The method of Claim 54, wherein the area substan- 
tially comprises a square and the ends comprise op- 
posite ends of the square. 

59. The method of Claim 54, wherein the substantially 
30 horizontal diagonal and lateral well bores provide 

substantially uniform coverage of the area. 

60. The method of Claim 54, wherein the lateral well 
bores in each of the first and second plurality of sub- 

35 stantiaily horizontal lateral well bores are substan- 
tially evenly spaced from each other. 

61. A method for producing coal seam gas from a coal 
seam comprising: 

40 

forming a drainage pattern in a coal seam, the 
drainage pattern comprising a plurality of aux- 
iliary drainage bores arranged in substantially 
equal and parallel spacing on opposite sides of 
an axis of the drainage pattern; and 
simultaneously producing water and coal seam 
gas from the coal seam through the drainage 
pattern. 

so 62. The method of Claim 61 , wherein the drainage pat- 
tern further comprises a central bore from which the 
auxiliary drainage bores extend. 

63. The method of Claim 62, wherein the auxiliary 
55 drainage bores are generally symmetrically ar- 
ranged on each side of the central bore. 

64. The method of Claim 61 , further comprising simul- 
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taneously producing water and coal seam gas from 
an area of the coal seam, the area having relatively 
equal length to width ratios. 

65. The method of Claim 61 , wherein the drainage pat- 
tern comprises a substantially horizontal pattern. 

66. The method of Claim 61 , further comprising forming 
an enlarged diameter cavity, the drainage pattern 
extending from the enlarged diameter cavity; and 

simultaneously producing water and coal 
seam gas from the coal seam through the enlarged 
diameter cavity. 

67. The method of Claim 66, wherein the enlarged di- 
ameter cavity comprises a diameter of approxi- 
mately eight feet. 

68. The method of Claim 61, wherein the auxiliary 
drainage bores are progressively shorter as they 
progress away from a surface well bore. 

69. A method for producing formation gas from a gas 
bearing formation, comprising: 

forming a drainage pattern in a gas bearing for- 
mation, the drainage pattern comprising a plu- 
rality of auxiliary drainage bores arranged in 
substantially equal and parallel spacing on op- 
posite sides of an axis of the drainage pattern; 
and 

simultaneously producing water and formation 
gas from the gas bearing formation. 

70. The method of Claim 69, wherein the drainage pat- 
tern further comprises a central bore from which the 
auxiliary drainage bores extend. 

71. The method of Claim 70, wherein the auxiliary 
drainage bores are generally symmetrically ar- 
ranged on each side of the central bore. 

72. The method of Claim 69, further comprising simul- 
taneously producing water and formation gas from 
an area of the gas bearing formation, the area hav- 
ing relatively equal length to width ratios. 

73. The method of Claim 69, wherein the drainage pat- 
tern comprises a substantially horizontal pattern. 

74. The method of Claim 69, further comprising forming 
an enlarged diameter cavity, the drainage pattern 
extending from the enlarged diameter cavity; and 

simultaneously producing water and forma- 
tion gas from the gas bearing formation through the 
enlarged diameter cavity. 

75. The method of Claim 74, wherein the enlarged di- 



ameter cavity comprises a diameter of approxi- 
mately eight feet. 

76. The method of Claim 69, wherein the auxiliary 
5 drainage bores are progressively shorter as they 

progress away from a surface well bore. 

77. The method of Claim 69, wherein water and forma- 
tion gas are produced from a substantially quadri- 

10 lateral area of the gas bearing formation. 

78. The method of Claim 69, wherein the drainage pat- 
tern provides substantially uniform coverage of an 
area of the gas bearing formation. 

15 



25 



30 



35 



40 



45 



50 



13 



BNSDOCID: <EP 1316673A2_L> 



EP 1 316 673 A2 




EP1 316 673 A2 




BNSOOCIO: <£P 13t8fi73A2_l_> 



16 



EP1 316 673 A2 




17 



EP 1 316 673 A2 



140 

100 100 




FIG. 6 



BNSOOCI& <EP 1316673A2J_> 



18 



EP 1 316 673 A2 





\ START J 
— 1 ^ 

♦ 


1 DU^s. 


IDENTIFY AREA TO BE 
DRAINED BY PINNATE PATTERN 




1 




DRILL SUBSTANTIALLY 
VERTICAL WELL 




1 


164 -v. 


IDENTIFY COAL SEAM 




< 


166-n. 


FORM CAVITY IN COAL SEAM 




• * 


168-v 


noil i ADTin ti itth uvri i 
□KILL AKIIvULAItU WtLL - 

TO INTERSECT CAVITY 






170-v. 


DRILL MAIN DIAGONAL 
FOR PINNATE 




1 


172^ 


DRILL LATERALS FOR PINNATE 


1 
♦ 


174-^ 


CAP ARTICULATED WELL 




176-^ 


CLEAN CAVITY 


* 


178-^ 


INSTALL PRODUCTION EQUIPMENT 



180- 
182- 



PUMP WATER FROM CAVITY 
T 



COLLECT GAS FROM COAL S£AM~j 




FIG. 8 



1 



REMOVE PRODUCTION EQUIPMENT 




INJECT WATER AND 
OTHER ADDITIVES 



MINE COAL SEAM 



COLLECT GOB GAS 
I 



186 



•192 
-194 



20 



BNSOOCIO. <EP 13196?3A2.L> 




21 



BNSDOCID: <EP 1316673A2J_> 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(12) 



(ID EP1 316 673 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

07.04.2004 Bulletin 2004/15 

(43) Date of publication A2: 

04.06.2003 Bulletin 2003/23 

(21) Application number: 03003550.5 

(22) Date of filing: 19.11.1999 



(51) mtci7: E21B 43/30, E21B7/04. 

E21B 43/00, E21F7/00, 
E21C41/16, E21B 43/12 



(84) Designated Contracting States: 


(71) Applicant: CDX Gas, LLC 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Dallas, TX 75240-7656 (US) 


MC NL PT SE 


(30) Priority: 20.11.1998 US 197687 


(72) Inventor: Zupanick, Joseph H. 


Pineville, WV24874 (US) 


(62) Document number(s) of the earlier application(s) in 


(74) Representative: Lawrence, John 


accordance with Art. 76 EPC: 


Barker Brettell 


99965010.4/1 131 535 


138 Hagtey Road 




Edgbaston 




Birmingham B16 9PW (GB) 



CO 

< 

s 

CD 

CD 
r- 
CO 

T- 

Q. 
UJ 



(54) Method and system for accessing subterranean deposits from the surface 



(57) Improved method and system for accessing 
subterranean deposits from the surface that substantial- 
ly eliminates or reduces the disadvantages and prob- 
lems associated with previous systems and methods. In 
particular, the present invention provides an articulated 
well with a drainage pattern that intersects a horizontal 



cavity well. The drainage patterns provide access to a 
large subterranean area from the surface while the ver- 
tical cavity well allows entrained water, hydrocarbons, 
and other deposits to be efficiently removed and/or pro- 
duced. 

To be accompanied, when published, by Figure 1 
of the drawings. 



FIG. 1 

60 60 




t . j ..-,v-. - ....- > - : y sgfc 



S3 50 44 42 



Printed by Jouva, 76001 PARIS (FR) 



BNSOOCIO: <EP 1316873A3_I_> 



EP 1 316 673 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 03 GO 3550 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OP THE 
APPLICATION (lnt.CI.7) 



US 4 702 314 A (HUANG WANN-SHENG ET AL) 

27 October 1987 (1987-10-27) 

* column 3, line 52 - column 4, line 49; 
figure 5 * 

* column 4, line 15 - column 4, line 43 * 

US 4 299 295 A (GOSSARD AMZI) 
10 November 1981 (1981-11-10) 

* column 2, line 34 - column 3, line 38 * 

* column 11, line 40 - column 12, line 30; 
figure 1 * 

US 5 074 360 A (GUINN JERRY H) 
24 December 1991 (1991-12-24) 

* column 6, line 56 - column 7, line 9; 
figures 1,4,5 * 

US 5 720 356 A (GARDES ROBERT) 
24 February 1998 (1998-02-24) 

* column 8, line 57 - column 9, line 13; 
figures 8A,8B * 

US 5 501 273 A (PURI RAJ EN) 
26 March 1996 (1996-03-26) 

* figures * 

US 4 519 463 A (SCHUH FRANK J) 

28 May 1985 (1985-05-28) 

* figures * 

US 4 611 855 A (RICHARDS WALTER L) 
16 September 1986 (1986-09-16) 

* abstract; figures * 



1,54 

61-78 
61-78 



1,8,14, 
30,40,54 



1,8.14, 
30,40,54 



E2 1B43/30 

E21B7/04 

E21B43/0O 

E21F7/00 

E21C41/16 

E21B43/12 



1,8,14, 
30,40,54 



1,8,14, 
30,40,54 



1.8,14, 

30,40, 

54,61,69 



The present search report has been drawn up for aO claims 



TECHNICAL FIELDS 
SEARCHED <lnLC1.7) 



E21B 
E21F 
E21C 



MUNICH 



Oate d ccmpi»t©n at the utmch 

17 February 2004 



Morrish, S 



CATEGORY OF CITED OOCUMENTS 

X : parttcuUrty relevant 8 taken aton* 

Y : particularly relevant it combined with another 

documented the lam* category 
A : technological background 
O : non-written dadosure 
P : intermediate document 



T : theory or prino'pte underlying th« invention 
E : earlier patent document, but published on, or 

after the fSing date 
O : document cited in the appfeabon 
L : document cited tor other reasons 

»T'men*e7or^ patent lamiry, corresponding 



2 



1316873A3_L> 



t 



EP 1 316 673 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 93 00 3550 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation or document with indication, whete appropriate 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



US 4 022 279 A (DRIVER W 6) 
10 May 1977 (1977-05-10) 

* abstract; figures * 



1,8,14, 

30,40, 

54,61,65 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



The present search report has been drawn up for all claims 



MUNICH 



nolthea 

17 February 2084 



Morrish, S 



CATEGORY OF CITED DOCUMENTS 

X : parbeularty ratovant H taken alon* 

V : portico tarty retovom if oombined with another 

document ai th« tame category 
A : technotogteel background 
O : non-written discJoture 
P ; iiiterrnochi 



T : theory or principle underlying the invention 
E : earlier patent document, but pubfehed on, o 

after the fling date 
O : dooument cited In the eppToobon 

L: 



A : mMnberoT the aerne patent lamily, eorraaponding 



3 



BNSDCCID: <EP 1316673A3_I_> 



EP 1 316 673 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 03 00 35S0 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way Sable for these particulars which are merely given for the purpose of information. 



17-02-2004 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 

/fatal 


US 4702314 


A 


27-10-1987 


NONE 






US 4299295 


A 


10-11-1981 


NONE 






US 507436Q 


A 


24-12-1991 


NONE 






US 5720356 


A 


24-02-1998 


WO 


9919595 Al 


OO-ViL -1QQO 

Lt"UH 1733 








US 


6065550 A 


LJ UJ LUUU 








US 


2003062198 Al 










IIS 












AU 


4982797 A 










r a 

LA 




22-04-1999 


US 5501273 


A 


26-03-1996 


AU 


685014 B2 


08-01-1998 








AU 


3946495 A 


26-04-1996 








CA 


2176125 Al 


11-04-1996 








CN 


1136338 A 


20-11-1996 








PL 


314802 Al 


30-09-1996 








WO 


9610683 Al 


11-04-1996 








ZA 


9508146 A 


25-04-1996 


US 4519463 


A 


28-05-1985 


NONE 






US 4611855 


A 


16-09-1986 


US 


4452489 A 


05-06-1984 








AU 


560117 B2 


26-03-1987 








AU 


4228985 A 


05-09-1985 








CA 


1228024 Al 


13-10-1987 








AU 


550227 B2 


06-03-1986 








AU 


1925983 A 


29-03-1984 








CA 


1193184 Al 


10-09-1985 


US 4022279 


A 


10-05-1977 


NONE 









& For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



BNSDOCID: <EP 1316673A3J_> 



